Objectives: This study aimed to compare reference anthropometric measures of Omani neonates with the international standard growth charts of the World Health Organization (WHO) in order to determine the appropriateness of these growth charts to assess the growth of Omani neonates. Methods: This cross-sectional study included all healthy full-term Omani neonates born between November 2014 and November 2015 at the Sultan Qaboos University Hospital, Muscat, Oman. Birth weight, length and head circumference measurements were identified and compared to those of the 2006 WHO growth charts. Results: A total of 2,766 full-term neonates were included in the study, of which 1,401 (50.7%) were male and 1,365 (49.3%) were female. Mean birth weights for Omani males and females were 3.16 ± 0.39 kg and 3.06 ± 0.38 kg, respectively; these were significantly lower than the WHO standard measurements (P <0.001). Similarly, the mean head circumferences of Omani males and females (33.8 ± 1.27 cm and 33.3 ± 1.26 cm, respectively) were significantly lower than those reported in the WHO growth charts (P <0.001). In contrast, mean lengths for Omani males and females (52.0 ± 2.62 cm and 51.4 ± 2.64 cm, respectively) were significantly higher than the WHO standard measurements (P <0.001). Conclusion: The WHO growth charts might not be appropriate for use with Omani neonates; possible alternatives should therefore be considered, such as national growth charts based on local data. 
Interpreting Neonatal Growth Parameters in Oman
Are we doing it right?
Reem M. Abdulrahim, 1 *Ahmed B. Idris, 2 Asad Ur-Rahman, 2 Mohamed Abdellatif, 2 A nthropometry is the quantitative assessment of an individual's physical dimensions which, in combination with age and gender, can subsequently be used to assess growth status. predictors of potential short-and long-term health complications. 2 In turn, any significant deviation from normal anthropometric values may be associated with increased perinatal morbidity and mortality. 3 In combination with gestational age, birth weight helps to group newborns into small for gestational age (SGA), appropriate for gestational age and large for gestational age (LGA) categories, according to a normal distribution curve for weight in which the 10 th and 90 th percentiles mark infants as either SGA or LGA, respectively. 4 Neonates who are SGA are subject to extensive clinical interventions and investigations and are likely to have congenital abnormalities, while LGA newborns are prone to a wide range of neonatal complications such as respiratory distress, hypoglycaemia and polycythaemia. 3, 5 Additionally, head circumference values below the third percentile (i.e. microcephaly) might indicate serious genetic or acquired health problems. 6 Two types of growth charts are regularly used to assess neonatal anthropometric measurements. While reference charts merely describe the growth patterns of a certain population, standard charts apply strict inclusion and exclusion criteria to determine the optimal growth of children in favourable socioeconomic and health conditions. 7 Internationally, the most widely used growth charts are the standard charts developed by the World Health Organization (WHO) which describe growth in optimal conditions. 8 These charts were developed as a result of the Multicentre Growth Reference Study (MGRS) in which six countries participated, including Oman. 9 Currently, Oman has no specific national growth charts and the 2006 WHO standard charts have been adopted to assess the growth of Omani neonates. 10 However, marked variation in the interpretation of child growth measurements can occur depending on the growth chart used. 11 The potential misclassification of healthy children as having growth abnormalities has critical public health implications, particularly in terms of the burden on future healthcare management. Therefore, this study aimed to identify reference anthropometric measurements among Omani neonates and compare these to the WHO international standards in order to determine the appropriateness of the WHO growth charts within the Omani population.
Methods
This retrospective cross-sectional study included all healthy full-term Omani neonates born at the Sultan Qaboos University Hospital (SQUH) in Muscat, Oman, between November 2014 and November 2015. Only those neonates of Omani nationality between 37-42 gestational weeks and born from singleton pregnancies were included. Cases with significant maternal or neonatal illness were excluded. Neonatal characteristics and anthropometric measurements, including gender, birth weight, length and head circumference, were obtained from the electronic hospital information system. Gestational age was calculated according to dates of the mother's last menstrual period and delivery. Birth weight was measured using digital scales to a precision level of 0.001 kg. A regular measuring tape was used to measure length to a 0.1 cm precision level. Head circumference to the nearest 0.1 cm was calculated using flexible non-stretchable tape.
In terms of sample size, the WHO Expert Committee recommends including at least 200 individuals in each age and gender group in order to construct reference growth curves with sufficiently precise estimates. 12 However, no standard approach exists to establish precision for each percentile. Therefore, the Omani reference data were taken from a single time point with precise estimates of weight, length and head circumference. A minimum of 200 male and 200 female neonates were considered sufficient to establish precision at the 10 th and 90 th percentiles within 0.1 of a standard deviation (SD), with the range between the 3 rd and 97 th percentiles considered to be four SDs. 13 The mean values and SDs for birth weight, length and head circumference measurements were calculated for males and females separately. Moreover 
Results
A total of 4,867 neonates were born at SQUH during the study period. Following application of the inclusion/exclusion criteria, there were 2,766 eligible mother-neonate pairs [ Figure 1 ]. While missing values were reported in the birth weight (0.4%), length (0.5%) and head circumference (0.5%) categories, the total percentage of missing data was considered acceptable at <5%. 15 Of the 2,766 neonates, 1,401 (50.7%) were male and 1,365 (49.3%) were female. Table 1 shows the percentile values for birth weight, length and head circumference according to gender.
For the male neonates, mean birth weight, length and head circumference values were 3.16 ± 0.39 kg, 52.0 ± 2.62 cm and 33.8 ± 1.27 cm, respectively. The same measurements for females were 3.06 ± 0.38 kg, 51.4 ± 2.64 cm and 33.3 ± 1.26 cm, respectively. Both Omani male and female neonates had significantly lower mean birth weights and head circumferences when compared to data from the standard WHO charts (3.30 ± 0.40 kg and 3.20 ± 0.40 kg, respectively, and 34.5 ± 1.20 cm and 33.9 ± 1.10 cm, respectively; P <0.001 each). In contrast, the mean length of Omani male and female neonates was significantly higher than that indicated in the WHO charts (49.9 ± 1.89 cm and 49.1 ± 1.89 cm; P <0.001) [ Table 2 ]. Graphic representations of observed differences between the mean values for birth weight, length and head circumference are shown in Figures 2-4 .
Discussion
The results of the current study raise concerns regarding the appropriateness of the WHO growth charts to assess the growth of Omani neonates. According to the WHO, their charts are prescriptive, indicating that any difference between chart values and those observed in a given population is due to a deviation from normal growth within that population. 16 The underlying theory behind this assumption is that 90% of genetic variations are attributable to differences between people from the same continent, while only 10% are attributable to differences across continents, thus justifying the international generalisability of results from studies such as the MGRS. 9, 17 Nevertheless, some researchers have warned of the dangers of misinterpretations resulting from the 90/10% genetic variation 
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rule, stating that such analyses are based on certain randomly selected common alleles, thus making general assertions about genetic variation difficult to verify. 18 There is existing evidence that inhabitants of the Eastern Mediterranean region have lower anthropometric measurements compared to international growth charts, while European individuals tend to have similar or even greater anthropometric measurements. [19] [20] [21] [22] [23] In fact, an analysis of the data from each of the six MGRS sites in isolation indicates that Oman and India had the lowest mean values for neonatal birth weight, length and head circumference in comparison to the other sites. 9 As an example to showcase the variability of these measurements, mean values for birth weight, length and head circumference were 3.2 ± 0.4 kg, 49.2 ± 1.7 cm and 33.4 ± 1.0 cm, respectively, among Omani neonates compared to 3.6 ± 0.5 kg, 50.4 ± 1.9 cm and 34.9 ± 1.2 cm, respectively, among Norwegian neonates. 9 According to the findings of the current study, differences in neonatal birth weight, length and head circumference were consistent across all percentile values, indicating an overestimation of growth insufficiency in the birth weight and head circumference categories and an underestimation of overgrowth in the length category. For example, 8.9% of the Omani sample in the current study would be deemed to be SGA using the WHO charts in comparison to only 3.3% when using a normal distribution curve. Furthermore, according to the WHO chart, 10.4% of the Omani sample had microcephaly compared to 2.5% when the sample's normal distribution curve was applied. Hence, utilisation of the WHO growth charts would potentially result in 201 and 220 neonates being misclassified as SGA and microcephalic, respectively. Such discrepancies can lead to the unnecessary expenditure of health resources and undue parental anxiety. 24 When babies are diagnosed as being SGA or having intrauterine growth restriction, a number of investigations are needed, including viral screening and serial ultrasound measurements. 25 In addition, sophisticated investigations such as brain imaging and genetic testing are necessary for infants with microcephaly. 6 According to internal financial sources at SQUH, the 421 aforementioned potential misdiagnoses would result in unnecessary interventions costing approximately USD $250,000-300,000.
Inconsistencies were noted in the length results compared to birth weight and head circumference findings in the current study. This can perhaps be attributed to the inaccuracy of the measurement instrument, as a measuring tape was used instead of a proper length board or infantometer, as per the WHO recommendations. 26 The accuracy of tape measurement is questionable, with differences between tape and length board measuring techniques reaching up to 2.23 cm. 27 This potential inaccuracy may have caused bias in the recorded length values, minimising the validity of the results. 28 On the other hand, the findings of the present study may perhaps reflect accurate length measurements among Omani neonates. Another WHO study conducted to assess length/height disparities among the six MGRS sites found that, despite the homogeneity of the study sample, Oman accounted for the majority of the negative height variances, with more positive values obtained once this site was excluded. 29 The authors stated that this negative difference was attributable to short parental stature as a result of suboptimal economic conditions which would require several generations to improve. 29 Based on this supposition, it might be assumed that neonatal height has improved due to the country's recent economic development, given that the gross domestic product has dramatically risen from USD $42.08 billion in 2007 to USD $81.03 billion in 2014. 30 However, this assumption might not hold because this change should also have been reflected in improved birth weight and head circumference measurements as well.
This study was based on data collected from a single centre, which potentially constitutes a major limitation. However, it is important to note that over 50% of the Omani population live in the regions of Muscat and Al-Batinah, both of which are served by SQUH. 31 Therefore, it is likely that the sample was nevertheless nationally representative. In addition, like all studies based on retrospective or secondary data, information about potential confounding variables may have been missed, such as socioeconomic class and smoking. Such factors must be considered in future studies, although smoking is unlikely to have influenced the present results as its prevalence among adult Omani females is very low (0.5%). 32 Future well-designed prospective studies with more rigorous methodologies are recommended in order to address the limitations of the present study and determine the need for national growth charts based on local reference data. Alternatively, researchers in Gulf Cooperation Council (GCC) countries are advised to collaborate in order to determine whether a unified GCC growth chart may be possible. As individuals from GCC countries have similar ethnicities, social norms, cultures and economies, future research may unveil potential similarities in child growth patterns within the region. Finally, proper length assessment tools are needed at SQUH in order to establish a wellstructured anthropometric training protocol to ensure e416 | SQU Medical Journal, November 2017, Volume 17, Issue 4 the application of WHO recommendations. 26 To this end, onsite reminder materials, regular assessments of staff competency and regular assessments of instrument accuracy and measurement reliability are also needed.
Conclusion
From the findings of the current study, it appears that the standard 2006 WHO growth charts might not accurately reflect growth patterns among Omani neonates. It is possible that such growth differences may continue into childhood, which will require further assessment of the appropriateness of childhood growth assessment tools. Meanwhile, in the absence of an Oman-specific neonatal growth assessment tool, clinicians are advised to account for potential discrepancies when using international growth assessment standards and to combine chart usage with well-informed clinical judgment. c o n f l i c t o f i n t e r e s t
